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(57)  The present disclosure relates to power-saving
reading of magnetic memory devices. In one arrange-
ment, a method comprises pulsing a voltage on the ar-
ray, and obtaining a voltage value indicative of a mem-
ory state of the target memory cell from the voltage pulse
using a sensing circuit that is electrically connected to
the target memory cell. In another arrangement, a meth-

Power-saving reading of magnetic memory devices

od comprises pulsing an array voltage on a plurality of
row and column conductors of the array, connecting a
sensing circuit to a conductor that is electrically coupled
to the target memory cell, the sensing circuit including
a sense element, and determining the voltage drop
across the sense element of the sensing circuit during
the voltage pulse, the voltage drop being indicative of a
memory state of the target memory cell.
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Description

FIELD OF THE INVENTION

[0001] The present disclosure relates to memory de-
vices. More particularly, the disclosure relates to power-
saving reading of magnetic memory devices.

BACKGROUND OF THE INVENTION

[0002] Magnetic memory such as magnetic random
access memory (MRAM) is a non-volatile, semiconduc-
tor-based memory technology in which magnetic, rather
than electrical, charges are used to store bits of data.
[0003] Typically, magnetic memory devices comprise
a plurality of memory cells or bits that are arranged in a
two-dimensional array. Each memory cell is configured
to store a single bit of information, i.e., a logic value "1"
or a logic value "0." Each memory cell of the array is
coupled to a column conductor and a row conductor at
a cross-point of the conductors.

[0004] To write data to a target memory cell, current
flow is provided through the column conductor and row
conductor associated with the target memory cell. The
magnetic fields created by the flow of electrons through
the conductors induce magnetic fields to set a perma-
nent magnetization in a sense layer of the memory cell
102 to control its resistivity and, therefore, control the
state of the cell.

[0005] Reading of atargetmemory cell can be accom-
plished in various ways. In one method, an "equipoten-
tial" reading scheme is used. This reading scheme is
represented in FIG. 1. In this figure, a cross-point array
100 is illustrated that includes a plurality of memory cells
102 that are represented by resistors. Each of the mem-
ory cells 102 is electrically coupled to a column conduc-
tor 104 and a row conductor 106. During an equipoten-
tial read, each column conductor 104 is connected to an
array voltage, V,, except for a column conductor that is
coupled to a target memory cell, T. Similarly, each row
conductor 106 except the row conductor coupled to the
target memory cell, T, is connected to V.

[0006] As indicated in FIG. 1, the column conductor
104 coupled to the target memory cell, T, is connected
to a sense voltage, V,', which approximates V, and
which, as is discussed below, is used to sense the mem-
ory state of the target memory cell. As is also shown in
FIG. 1, the row conductor 106 coupled to the target
memory cell, T, is connected to ground. With this ar-
rangement, array current, |5, will flow through the non-
target memory cells 102 coupled to the row conductor
106 that is also coupled to the target memory cell, T. In
addition, sense current, lg.,se, flows through the target
memory cell, T. Due to the application of V, to the row
conductors not coupled to the target memory cell, T,
sneak currents are minimized.

[0007] FIG. 2 illustrates an example sensing circuit
200 presently used to determine the memory state of
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target memory cells. As indicated in this figure, the sens-
ing circuit 200 includes an operational amplifier 202, a
first field-effect transistor (FET) 204, a second FET 2086,
a capacitor 208, a comparator 210, and a counter/mem-
ory 212. The operational amplifier 202 receives an input
of V, into its positive terminal and outputs V,' to the col-
umn conductor coupled to the target memory cell. The
circuit 200 is further connected to a voltage source, Vg,
whose current flow is controlled with the FET 206 via a
control line 214. By way of example, the FET 206 com-
prises a p-type metal-oxide semiconductor field-effect
transistor (MOSFET).

[0008] During a read operation, V, is applied to the
array in the manner described above with regard to FIG.
1. In addition, V4 is applied to generate the sense cur-
rent, lsense: Which passes through the FET 204, e.g., an
n-type MOSFET, to flow to the target memory cell. Cur-
rent also flows to the capacitor 208 so as to increase the
potential of the capacitor until it is equal to V4. The op-
erational amplifier 202 adjusts the gate of the FET 204
to ensure that V,' is substantially equal to V. Once a
steady-state condition is obtained, the amplifier 202
opens the gate of the FET 206 such that the capacitor
208 provides the current needed to maintain V,'.
[0009] The capacitor 208 slowly discharges its volt-
age until its voltage is reduced to a reference voltage,
Ve that, along with the capacitor voltage, is input into
the comparator 210. This discharge is depicted in FIG.
3, which illustrates capacitor voltage, Vcap, over time.
As indicated in the figure, the voltage of the capacitor
increases to V4 and is then depleted until reaching, and
dropping below, V. The time required to reach V ¢ de-
pends upon the resistance of the target memory cell
and, therefore, provides an indication of the memory
state of the cell. For instance, in a scheme in which a
higher resistance indicates a logic value "1" and a lower
resistance indicates a logic value "0," a logic value "0"
is indicated if V4 is reached after the elapse of time, t4,
and a logic value "1" is indicated if V ¢ is reached after
the elapse of time, t,. The time it takes for the voltage
of the capacitor 208 to drop to V, is measured and
stored by the counter/memory 212.

[0010] FIG. 4 depicts the voltage applied to the array
during a read. As indicated in this figure, V, must be
applied to the array at least until the time required for
the capacitor voltage to be reduced to V. Although this
amount of time is not large in an absolute sense, for in-
stance on the order of 5 to 15 microseconds (us), in that
V, is applied to each memory cell coupled to the target
memory cell's row conductor, a relatively large amount
of current is burned in the array while waiting for the ca-
pacitor to discharge its voltage. In the aggregate, the
amount of current spent during reading becomes signif-
icant.

[0011] Another known reading method uses a "non-
equipotential" reading scheme. This reading scheme is
represented in FIG. 5. As shown in this figure, V, is ap-
plied only to the row conductor 106 that is coupled to
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the target memory cell, T; all other row conductors 106
are tied to ground. The column conductor 104 coupled
to the target memory cell, T, is connected to a sense
circuit 600 that is illustrated in FIG. 6. The sense circuit
600 includes an analog-to-digital (A/D) converter 602
and a memory 604. In this figure, the resistance provid-
ed by the column conductor can be represented by a
voltage divider 606 that comprises a resistor Ry, repre-
senting the resistance of the target memory cell, and re-
sistors R4 and R, representing the parallel combination
of the resistances of all the other memory cells coupled
to the target memory cell's column conductor (only three
shown in FIG. 5).

[0012] During aread operation, the A/D converter 602
receives a voltage input equal to the voltage on the col-
umn conductor that is coupled to the target memory cell.
This voltage is then converted into a digital value and
compared multiple times to reference values to deter-
mine the resistance of the target memory cell. The con-
version and comparison process normally requires a rel-
atively long amount of time where extremely accurate
measurement is required, for instance, approximately
50 to 100 us. FIG. 7 illustrates the time required to make
the state determination. In particular, FIG. 7 shows the
A/D converter output being invalid for an extended pe-
riod of time until finally becoming valid att, ;4. Until valid
data is obtained, V, must be applied to the array. This
application of voltage is depicted in FIG. 8 which shows
V, being applied at least until time t, ;4. Accordingly, as
in the equipotential reading scheme, a relatively large
amount of current is used to obtain the data stored by
the target memory cell. Again, the amount of current lost
can be significant when taken in the aggregate.

SUMMARY OF THE INVENTION

[0013] The present disclosure relates to methods for
reading a target memory cell of an array of memory
cells. In one arrangement, a method comprises pulsing
a voltage on the array, and obtaining a voltage value
indicative of a memory state of the target memory cell
from the voltage pulse using a sensing circuit that is
electrically connected to the target memory cell.

[0014] The present disclosure also relates to sensing
circuits that can be used to read a target memory cell.
In one arrangement, a sensing circuit comprises an op-
erational amplifier that is configured to receive an array
voltage and output a sense voltage to a conductor of the
array that is electrically coupled to the target memory
cell, a voltage source that generates a sense current,
and a sense element that is electrically coupled to the
operational amplifier and the voltage source. In another
arrangement, a sensing circuit comprises an operation-
al amplifier that is configured to receive an array voltage
and output a sense voltage to a conductor of the array
that is electrically coupled to the target memory cell, a
voltage source that generates a sense current, a capac-
itor that is configured to store a voltage equal to a volt-
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age on a conductor electrically coupled to the target
memory cell, and a switch associated with the capacitor
that is configured to connect and disconnect the capac-
itor to and from the array.

BRIEF DESCRIPTION OF THE DRAWINGS

[0015] The invention can be better understood with
reference to the following drawings. The components in
the drawings are not necessarily to scale, emphasis in-
stead being placed upon clearly illustrating the princi-
ples of the present invention.

[0016] FIG. 1 is a schematic representation of an
equipotential reading scheme used with magnetic mem-
ory devices.

[0017] FIG. 2 is a block diagram of a sensing circuit
that can be used to read memory cells in the reading
scheme of FIG. 1.

[0018] FIG. 3 is a plot of capacitor voltage as a func-
tion of time.

[0019] FIG. 4 is a plot of array voltage as a function
of time.

[0020] FIG. 5 is a schematic representation of a non-
equipotential reading scheme used with magnetic mem-
ory devices.

[0021] FIG. 6 is a block diagram of a sensing circuit

that can be used to read memory cells in the reading
scheme of FIG. 5.

[0022] FIG. 7 is a plot of digital output of an analog-
to-digital converter as a function of time.

[0023] FIG. 8 is a plot of array voltage as a function
of time.
[0024] FIG. 9 is a schematic perspective view of an

array of memory cells of an embodiment of a magnetic
memory device.

[0025] FIG. 10 is a schematic side view of an example
memory cell of the array of FIG. 9.

[0026] FIG. 11 is a first example sensing circuit that
can be used to read data from a magnetic memory de-
vice in an equipotential reading scheme.

[0027] FIG. 12 is a second example sensing circuit
that can be used to read data from a magnetic memory
device in an equipotential reading scheme.

[0028] FIG. 13 is a plot of voltages across a sense
element of the sensing circuits of FIGS. 11 or 12 as a
function of time.

[0029] FIG. 14 is a plot of array voltage as a function
of time when the sensing circuits of FIGS. 11 or 12 are
used.

[0030] FIG. 15 is a first example sensing circuit that
can be used to read data from a magnetic memory de-
vice in a non-equipotential reading scheme.

[0031] FIG. 16 is a second example sensing circuit
that can be used to read data from a magnetic memory
device in a non-equipotential reading scheme.

[0032] FIG. 17 is a plot of digital output of an analog-
to-digital converter of the sensing circuit of FIG. 16 as a
function of time.
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[0033] FIG. 18 is a plot of array voltage as a function
of time when the sensing circuits of FIGS. 15 or 16 are
used.

DETAILED DESCRIPTION

[0034] As identified above, known reading schemes
used to read from cross-point array magnetic memory
devices typically waste a relatively large amount of cur-
rent and therefore power. Disclosed herein are reading
schemes that significantly reduce the amount of power
that is used to read from such memory devices. As is
discussed in greater detail below, the reading schemes
each involve the application of an array voltage, V,, to
the array for a short period of time so that the voltage is
merely pulsed on and off. This pulsing of the array volt-
age, V,, translates to substantial power savings.
[0035] Referring now to the drawings, in which like nu-
merals indicate corresponding parts throughout the sev-
eral views, FIG. 9 illustrates a portion of a cross-point
array magnetic memory device 900 that, for instance,
can comprise a magnetic random access memory
(MRAM) device. The device 900 includes an array of
memory cells 902. Although a limited number of memory
cells 902 is depicted in FIG. 9, itis to be understood that
only a few cells are shown as a representation of the
many memory cells of the memory device to facilitate
description of the device. In addition to the memory cells
902, the magnetic memory device 900 includes a plu-
rality of column and row conductors 904 and 906.
[0036] As shown in FIG. 10, each memory cell 902
comprises, for example, first and second magnetic lay-
ers 1000 and 1002, one of which is a fixed magnetic
layer and the other of which is a free magnetic layer,
also known as the sense layer. By way of example, the
top magnetic layer 1002 can comprise the free magnetic
layer and the bottom magnetic layer 1000 comprises the
fixed magnetic layer. Separating the two magnetic lay-
ers 1000, 1002 is a thin insulation layer 1004 that may
function as a tunnel barrier. With this arrangement, the
memory cell 902 behaves as a magnetic tunnel junction
(MTJ). Although a MTJ arrangement is shown and de-
scribed herein, persons having ordinary skill in the art
will appreciate that other arrangements are possible.
For example, the memory cells can comprise giant mag-
netoresistive (GMR) elements, if desired.

[0037] The memory state of the memory cell 902 can
be determined based upon the magnetic orientation of
the free magnetic layer, whose magnetic orientation can
be toggled from an orientation in which it is aligned with
the orientation of the fixed magnetic layer, to an orien-
tation in which it opposes the orientation of the fixed
magnetic layer. The former state is called the "parallel"
state and the latter state is called the "anti-parallel"
state. Typically, the orientation of magnetization in the
free layer (also referred to as the data layer or the stor-
age layer) is aligned along its "easy" axis.

[0038] The two different states have disparate effects
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on resistance of the memory cell 902. Specifically, the
memory cell 902 has a relatively small resistance when
in the parallel state, but has a relatively high resistance
when in the anti-parallel state. The parallel state can be
designated as representing a logic value "0," while the
anti-parallel state can be designated as representing a
logic value "1" or vice versa. In such a scheme, the mag-
netic memory device 900 can be written to by changing
the magnetic orientation of the free layer of selected
memory cells 902.

[0039] FIG. 11 illustrates a first example sensing cir-
cuit 1100 that can be used in an equipotential reading
scheme to determine the memory state of target mem-
ory cells 902. As indicated in this figure, the sensing cir-
cuit 1100 includes an operational amplifier 1102, a field-
effect transistor (FET) 1104, a sense element (such as
a resistor) 1106, a comparator 1108, and a memory
1110. The operational amplifier 1102 receives an input
of V, into its positive terminal and outputs V,' to the col-
umn conductor coupled to the target memory cell. As in
the prior art equipotential reading scheme, the opera-
tional amplifier 1102 adjusts the gate of the FET 1104
to ensure that V,' is substantially equal to V.

[0040] During a read operation, V, is applied to the
array of the memory device in the manner described
above with regard to FIG. 1. In addition, V4 is applied
to the sensing circuit 1100 to generate a sense current,
lsenses Which passes through the FET 1104, e.g., an n-
type metal-oxide semiconductor field-effect transistor
(MOSFET), to flow to the target memory cell. Before
reaching the FET 1104, current flows through the resis-
tor 1106 that, by way of example, comprises a p-type
MOSFET. When enabled, the gate of the p-type MOS-
FET is connected to ground. The size of the transistor
is adjusted to give the desired resistance. The resistor
1106 can be implemented as an semiconductor process
compatible resistor.

[0041] The voltage across the resistor 1106, Vg, is de-
picted in FIG. 13 as a function of time. As indicated in
this figure, the voltage across the resistor 1106 quickly
reaches a steady-state condition, at ty, for instance af-
ter approximately 1 microsecond (us) or less, reflective
of the memory state of the target memory cell. Specifi-
cally, the voltage across the resistor 1106 is related to
the resistance of the target memory cell according to
Ohm's law as follows:

Vg = lggnee X R

sense

[Equation 1]

resistor

where Vg is the resistance across the resistor 1106,
Isense iS the current that flows through the target memory
cell, and R ggistor 18 the resistance of the resistor 1106.
In that Iggnse is €qual to VAR gger, Where Rigget is the
resistance of the target memory cell, the memory state
of the target memory cell can be determined. As indicat-
ed in FIG. 13, this voltage can be a relatively low value,
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V,, or a relatively high value, V5. In a scheme in which
high resistance indicates a logic value "1," V4 will rep-
resent a logic value "0" and V, represents a logic value
"1." To make the memory state determination, the ob-
served voltage, VR, is input into the comparator 1108
along with a reference voltage, V ¢, which for instance
is equal to that observed when a target memory cell is
in either the "0" or "1" state. The two voltages are com-
pared by the comparator 1108, so that it can be deter-
mined whether Vg indicates a "0" or "1."

[0042] Irrespective of whether the target memory cell
is in the high or low resistance state, V, can be quickly
shut-off such that voltage is merely pulsed on and off,
as indicated in FIG. 14. Therefore, in contrast to the sit-
uation depicted in FIGS. 3 and 4 when a known equipo-
tential reading scheme is used, current is only used in
embodiment of the invention for a very short period of
time. The duration of the voltage pulse is less than the
5 us, which, as noted above, is currently the shortest
duration now required to read cells. Indeed, this period
of time typically is no greater than approximately 1 us,
thereby providing a vast improvement over known read-
ing techniques. This results in greatly reduced reading
power consumption.

[0043] In that there are manufacturing inconsisten-
cies in fabricating most cross-point array memory devic-
es, the sensing circuit 1100 shown in FIG. 11 depicts an
ideal case in which the reference voltage, V4, may be
a static value. A common inconsistency is to have var-
ying values of resistance for the same state. To avoid
errors that this may produce, a self-referenced sensing
scheme can be used. An example self-referenced sens-
ing circuit 1200 is illustrated in FIG. 12. The sensing cir-
cuit 1200 is similar to that shown in FIG. 11 and therefore
comprises an operational amplifier 1202, a FET 1204,
a sense element (e.g., resistor) 1206, a comparator
1208, and a memory 1210. In addition, however, the
sensing circuit 1200 includes first and second capaci-
tors 1212 and 1214 that form part of a sample-and-hold
circuit. As indicated in FIG. 12, electrical connection of
the capacitors 1212 and 1214 to the array is made or
broken through switches 1216 and 1218, respectively.

[0044] During a read operation, V, and V44 are ap-
plied to the array with the switch 1216 closed. Once the
circuit 1200 reaches steady-state, however, the switch
1216 is quickly opened so that the capacitor 1212 is dis-
connected from the array and stores Vg. Next, the target
memory cell is written to a known state and the read
process initiated again with the switch 1216 open and
the switch 1218 opened. Once steady-state is again
reached, the switch 1218 is quickly opened to store the
newly observed V on the capacitor 1214. This voltage
is used as a reference voltage that can be compared
with the original observed Vg to make the determination
as to what was the state of the memory cell.

[0045] With the arrangement described above, a low
amount of power is consumed during the read operation
in that VV, is only applied to the array long enough for
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the Vg voltages to be stored in the capacitors 1212 and
1214. Specifically, V, is applied for a duration of less
than the 5 us and, typically, no greater than approxi-
mately 1 us.

[0046] FIG. 15 illustrates an example sensing circuit
1500 that can be used in a non-equipotential reading
scheme to determine the memory state of target mem-
ory cells. In particular, FIG. 15 illustrates an analog, non-
equipotential reading scheme. As indicated in this fig-
ure, the sensing circuit 1500 includes first and second
capacitors 1502 and 1504 that are electrically coupled
to and decoupled from the column conductor of the tar-
get memory cell (indicated by the voltage divider 606)
with switches 1506 and 1508, respectively. With this
configuration, the capacitors 1502, 1504 form part of a
sample-and-hold circuit similar to that described above
with reference to FIG. 12. The capacitors 1502, 1504
are connected to a comparator 1510, which is used to
compare the voltages stored in the capacitors and for-
ward these values to a memory 1512.

[0047] During a read operation, V, is applied to the
row conductor coupled to the target memory cell as de-
scribed in relation to FIG. 5. When this voltage is ap-
plied, the switch 1506 is closed such that the first ca-
pacitor 1502 receives current. The first capacitor 1502
quickly reaches a steady-state condition at which the
voltage stored in the capacitor equals that across the
column conductor. As with the embodiments described
above in relation to FIGS. 11 and 12, this steady-state
condition is achieved quickly. At this point, the switch
1506 can be opened and V, can be shut-off. As indicat-
ed in FIG. 18, the voltage pulse is just long enough in
duration for the capacitor 1502 to reach the steady-state
condition. This duration is less than 5 us and, typically,
is no greater than approximately 1 pus.

[0048] To provide for self-referencing, the target
memory cell is then written to a known state and the read
process initiated again. This time, the switch 1508 is
closed such that current will be provided to the second
capacitor 1504. Once steady-state is again reached, the
switch 1508 is opened and the array voltage, V,, is shut-
off. Both stored voltages are input into the comparator
1510 and stored into memory 1512 so that the original
memory state of the memory cell can be determined.
[0049] Again, in that the array voltage, V,, is only
pulsed on and off during the read processes, less cur-
rent is used and, therefore, less power is consumed.
[0050] FIG. 16 illustrates another example sensing
circuit 1600 that can be used in a non-equipotential
reading scheme. In this embodiment, however, the
sensing circuit 1600 facilitates a digital, non-equipoten-
tial reading scheme. As indicated in FIG. 16, the sensing
circuit 1600 includes a single capacitor 1602 that can
be electrically coupled to and decoupled from the col-
umn conductor of the target memory cell (indicated by
the voltage divider 606) with a switch 1604 to again pro-
vide sense-and-hold operation. The capacitor output is
input into an analog-to-digital (A/D) converter 1606 that
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converts the analog voltage into a digital value that is
stored in one of two memory locations in memory 1608.
[0051] During a read operation, V, is applied to the
row conductor coupled to the target memory cell with
the switch 1604 closed. The capacitor 1602 quickly
reaches a steady-state condition (e.g., after approxi-
mately 1 us). Once this occurs, the switch 1604 is
opened and the array voltage, V,, that is applied to the
array is shut-off such that V, is only pulsed on and off
in the manner indicated in FIG. 18.

[0052] Self-referencing is achieved by writing the tar-
get memory cell to a known state and then re-reading
it. The switch 1604 is again closed and V again applied
to the row conductor such that current is provided to the
capacitor 1602. Once steady-state is reached, the
switch 1604 is opened and the array voltage, V, is shut-
off. Again, this occurs in a short period of time. Once
again, the pulse has a duration less than 5 us and, typ-
ically, is no greater than approximately 1 us. The newly-
stored voltage of the capacitor can then be converted
into a digital value by the A/D converter 1606 and pro-
vided to the second memory location of memory 1608
for comparison to the originally observed value.
Through this comparison of the two stored digital values,
the original memory state of the target memory cell can
be ascertained.

[0053] Although, as indicated in FIG. 17, the analog-
to-digital conversion process can require a relatively
long time, due to the sense-and-hold capability of the
sensing circuit 1600 provided by the capacitor 1604 and
switch 1604, the array voltage, V,, need only be pulsed
for a short period of time (e.g., 1 us) as indicated in FIG.
18. Therefore, less current is used and, therefore, less
power is consumed.

Claims

1. A method for reading data from a target memory
cell of an array of memory cells, comprising:

pulsing a voltage on the array for a duration less
than 5 microseconds; and

obtaining a voltage value indicative of a mem-
ory state of the target memory cell from the volt-
age pulse using a sensing circuit that is electri-
cally connected to the target memory cell.

2. The method of claim 1, wherein the obtaining a volt-
age value comprises measuring a voltage drop
across a sense element of the sensing circuit.

3. The method of claim 1, wherein the obtaining a volt-
age value further comprises inputting the magni-
tude of the voltage drop into a comparator of the
sensing circuit.

4. The method of claim 1, wherein the obtaining a volt-
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age value further comprises storing a voltage equal
to the voltage drop in a capacitor of the sensing cir-
cuit so that the voltage drop can be determined after
the voltage is pulsed.

5. The method of claim 1, wherein the obtaining a volt-
age value comprises measuring the voltage across
a conductor that is electrically coupled to the target
memory cell and storing the voltage in a capacitor.

6. Asensing circuit (1100, 1200) for sensing a memory

state of a target memory cell of an array of memory
cells, comprising:

an operational amplifier (1102, 1202) that is
configured to receive an array voltage and out-
put a sense voltage to a conductor of the array
that is electrically coupled to the target memory
cell;

avoltage source that generates a sense current
(Vgq); and

asense element (1106, 1206) that is electrically
coupled to the operational amplifier and the
voltage source.

7. The sensing circuit of claim 1, further comprising a

comparator that is electrically connected to the
sense element, the comparator (1108) being con-
figured to compare a voltage drop across the sense
element to a reference voltage (V) to determine
a memory state of the target memory cell.

8. The sensing circuit of claim 1, further comprising a

switch (1216) operable to connect and disconnect
a capacitor (1212) to the array, the capacitor being
configured to store a voltage equal to the voltage
drop across the sense element after voltage is re-
moved from the array.

9. Asensingcircuit (1500, 1600) for sensing a memory

state of a target memory cell of an array of memory
cells, comprising:

a voltage source that generates a sense cur-
rent;

a capacitor (1502, 1602) that is configured to
store a voltage equal to a voltage on a conduc-
tor electrically coupled to the target memory
cell; and

a switch (1506, 1604) associated with the ca-
pacitor that is configured to connect and dis-
connect the capacitor to and from the array.

10. The sensing circuit of claim 9, further comprising a
comparator (1510) that is electrically connected to
the capacitor.
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